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INTRODUCTION

This study is chiefly an analysis of the dis-

trihution and seasonal migration of Brama
hrama and, to a lesser extent, of B. japonica.

These are relatively large mesopelagic fishes

of temperate and subartic waters, the hab-

its of which are largely unknown except for

the published and original data summarized

here. The genus also includes several tropi-

cal species, which will not be considered.

Brama as a whole will be treated in a later

paper together with Taractes, Taracticlithys,

Einnc<i,istus, Pteroclis, and Pterycombiis, the

six genera forming the family Bramidae.

Although Brama brama occurs in the

Southern Hemisphere, our study is restricted

to the North Atlantic population. Data on

adidt distribution has been taken from many
published records, and from the commercial

fishery statistics of Spain, where the spe-

cies is landed in noticeable quantity. The
monthly occurrence or abundance of these

adults has been correlated with the approxi-

mate position of the 10°C (50°F) isotherm;

and the 10'^ C isothere virtually limits the

northernmost occurrence, as shown by all

records combined. Spawning area has been

estimated from an analysis of larval distri-

bution, an investigation based largely on

the plankton collections of the "Dana" expe-

ditions. Spawning, as reflected by the dis-

tribution of the larvae, occurs in waters

warmer than about 20°C (68°F).

During recent years an interest in the dis-

tribution, abundance, and possible commer-
cial importance of the Pacific Brama japon-

ica has developed. Exploratory gill-net sur-

veys in the Gulf of Alaska were conducted
by the U.S. Bureau of Commercial Fish-

eries, and these confirmed earlier reports

that large numbers of B. japonica were sea-

sonally and sporadically present there. A
distributional study has been completed by
Charles R. Hitz and Robert French of the

U.S. Bureau of Fisheries, Seattle, Washing-
ton and is now in press. The information

assembled by these authors and our Atlantic

data were the subjects of personal discus-

sions, and similarities between the habits of

Brama brama and B. japonica suggested

that features shown by one species might
profitably be sought in the other. For ex-

ample, Brama brama forms commercially

significant concentrations in the eastern

Atlantic, which we believe to be due to

temperature-controlled seasonal migratory

habits. Temperature may influence the

movements and concentration of B. japonica

in a similar way.

We will consider our Atlantic material

first and follow with comparative notes on
the Pacific species.

THE CENTEROF AVAILABILITY:

NORTHWESTERNSPAIN

Although bramids are landed as food

fishes throughout the world, only off the

west coast of the Iberian Peninsula does any
species form the center of a fishery. In the

principal area off northwestern Spain, there

may be over a hundred vessels, each about

25 meters long, operating during the height
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NORTH ATLANTIC OCEAN

o NEGATIVE DMA STATIONS

• JUVENILES SHORTERTHAN 20mms.L

A JUVENILES BETWEEN20 8 200mmsL 's

NORTHERNRECORDSOF ADULTS I

Figure 1. The distribution of the "Dana" stations in the North Atlantic and the known distribution of juvenile and adult

Brama bramo. The 50°F (10°C) isothere is taken from Hutchins and Scharff (1947).

of tlie season.' Each \c\ssel sets and liaiils

abont six miles of longline daily, a line

similar to that uni\-eisally nsed for tuna, but

of lighter construction and with more nu-

merous and smaller hooks. About seven

thousand hooks comprise a set, which is

made at about 50-60 fathoms (91-110 me-

ters) in water oNcr 2.50 fathoms (457 me-

ters) deep. Catch rates frecjuently reach the

^ Our inforination of tlif Spanish fishery was

largely provided hy Dr. H. Andreu and his associ-

ates in the Iiistitnto dc Iincstisracioncs Pcsriueras,

Vigo, Spain, to wlmni \\c record licrc oiir uratcful

aiipreciation.

phenomenal values of 60 or 70 fish per hun-

dred hooks. The fish can also be simply

and plentifully caught by jigging. The
principal fishery, a winter one, lies west of

the Cies Islands, and contributes about two
per cent to the total Spanish fishery land-

ings (Table 1). During the summer the

fishery is centered further north, the ves-

sels operating from La Corufia and Santan-

der; during the early winter it extends south

to the offings of Portugal. Further discus-

sion of the fishery and the commercial use

of Brania here and elsewhere is deferred.

It is sufficient to note that this high-

seas mesopelagic species congregates off
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Figure 2. Ten-year average monthly landings of Bromo

brama in three Spanish coastal areas. Data from official

Spanish fishery statistics (Anonymous, 1946).

Spain, and that landings data, using ten-

year monthly means (Figure 2), show this

congregation to be highly seasonal and at a

maximum off the northwest coast during

March and April when surface \\'ater tem-

peratures are at their lowest. The gonads

of the individuals which form this aggre-

gation may be nearly mature, but the

widespread occurrence of larvae in the

eastern Atlantic and Mediterranean ( Fig-

lue 1 ) south of, but not off, northwestern

Spain suggests that the Spanish concentra-

tion is not a spawning aggregation. Other

high-seas mesopelagic teleosts are caught

incidentally on these winter longlines

—

fishes such as Scombi-ohbrax, Gempyhis\
L(imj)ris, TracJii/pterus, and two additional

bramids, Ptcrycombiis brama and Taiactes

asper {— T. raschi).

DISTRIBUTION IN HIGHER LATITUDES

Weconsider next the distribution of adult

Brama in waters which are of suitable tem-

perature during a part of the year only. All

known records except one are from the east-

ern Atlantic; the exception is a single cap-

Figure 3A

Figure 3 A-F. Northern occurrence, by month, of adult irarna brama. B Live captures. % Strandings. A
unknown. Distributional data from Table 2; surface Isotherms (F) from the U.S. Navy Hydrographic Office Atlas

Temperatures (Anonymous, 1948).

Circumstances

of Sea Surface
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ture made by a trawk'i" on the Grand Banks

off Newfoundland nearly a hundred years

ago. In the eastern Atlantie, the species is

exceedingly common in the Bay of Bisca\ .

North of about 48' N the species is clearly a

seasonal visitor and has been reported as

such many times. These records, exclusive

of some which seemed (luestionable and

others which appeared to be duplicate ac-

counts of the same specimen, are given in

Table 2 and plotted in Figure 1. Also shown

is the 50 F (10 C) isothere, north of which
the surface waters are always colder than

this (Hutchins and Scharff, 1947). This line

appears to delimit the northward extent of

all records except a single report from

Murmansk.
Just as there are good and bad Brama

N'cars in the commercial fisheries of the

south, there are years of numerous, and of

few, reports to the north. During certain

years, for example 1928 and 1949, the species
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30° 20'

was most abundant. Given these immense
annual fluctuations, the unequal seasonal

and geographic nature of fishing effort, of

beachcombing, and of reporting, and the

known climatic and related faunal changes
which have taken place during the time

span here considered, it may seem improper
to dissect these data further, and we do so

with a respect for these hmitations.

The northern records (Table 2) are di-

vided between live-captures and strandings,

the latter term understood to include condi-

tions of capture such as "nearly dead and
awash in the surf" and "found floating dead
at the surface." Tlie reasons proposed for

such strandings have been many and varied,

e.g., the inability of a fish to determine the

depth of the water, navigational difficulties

similar to those which seem to beset the

Cetacea from time to time, discomfort due
to parasitism, etc. Such causes are unlikely,

for strandiings are seasonal and occur most
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20° 30°

frequently not in the southern waters in

which Brama abounds, but in northern

areas where it is less abundant. In accord

with the conclusion of Kristensen (in Ver-

wey, 1958: 544) and others, such strandings

should be considered to be the result of

low water temperatures aided, on occasion,

by storms. These records were allocated to

the calendar months, and the monthly rec-

ords, together \\'ith the sea surface isothemis

at 5°F intervals, were plotted on a series of

charts ( Figure 3 )

.

During the winter and spring months the

number of Brama apparently present in the

north declines steadily. \o specimen has

ever been reported during May, and the

reports for April and June are exceedingly

few. This decrease probably represents the

demise of the population which began its

northward migration with the northward

advance of warm surface water during April

of the previous year. During June and July

the surface waters in the north waim to

50-55°F (10-12.8"^C) and higher, tempera-

tures amenable to Brama, and following this

warming come the fish. The August records

are numerous and almost exclusively live-

caught individuals. In September and Oc-
tober the critical isotherms begin their

retreat southward. Reflecting this is the

reduction of Brama catches in Iceland and
the increased concentration off Scotland

and in the North Sea. During November
and December the 50-55°F (10-12.8°C)

water is no longer in the area and many
Brama moving south but finding themselves

in the North Sea rather than to the west of

Scotland, are effectively trapped in this sea

and the Danish Sound. Evidence of this

distress is the high number of strandings

relative to the number of live-caught in-

dividuals —evidence shown graphically in

Figure 4.

TEMPERATUREANDDISTRIBUTION

A correlation between a physical and bio-

logical factor needs imply no direct causal

relationship, but such correlations are none-
theless instructive. Wemust, however, enter

an apology. We have used, in what may
appear to be an indiscriminate fashion, tem-
perature values both in degrees Fahrenheit
and Centigrade. Wewould have preferred

to use degrees Centigrade exclusively, and
all original data have been so converted

when necessary. But we have used two
basic hydrographic works which present

generalized temperature curves: Fuglister's

paper ( 1954 ) on the average temperature at
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a depth of 200 meters in the Atlantic, which
summarizes ov^er fort\' thousand observa-

tions and is presented in degrees Centi-

grade; and the "Atlas of Sea Surface Tem-
peratures" (Anonymous, 1948), a summary
of hundreds of thousands of temperature

observations, which is presented in degrees

Fahrenheit. Hutchins and Scharff ( 1947

)

compiled their most useful "isotheres" and
"isocrymes" from this atlas; hence these

curves too are in degrees Fahrenheit. Inter-

polation between curves would be unwise.

\\> have chosen to use the curves closest

to one another in temperature, identifying

each, and hoping that the discrepancy so

produced will not be too destructive to our

description.

Although listed as a commercial species

throughout the eastern North Atlantic, the

magnitude of the catch of Brama reaches

significant proportions only off the north-

western coasts of Spain and northern Por-

tugal (see above). A study of conditions

off northwestern Spain has suggested that

fish concentration is related to temperature,

although both the physical and the biologi-

cal data are inadequate.

The temperature-controlled distribution

of Brama may be as follows: The adult fish

seem to prefer water with temperatures

higher than 55°F (12.8°C), seek water of

such temperature at depths from the sur-

face to about 500 meters, and cannot lixe

indefinitely in waters below 50°F (10°C).

(The depths of capture reported for the

southern catches are in general much deeper

than those to the north: the "tropical sub-

mergence" of authors and an expected phe-

nomenon.) A part of the oceanic Brama
population will expand into the North At-

lantic as seasonal \\'arming of the upper

layers pennits. But during the coldest

months (in terms of sea-surface tempera-

ture) the range will be restricted, if not

sharply limited, by a "thermal curtain" sep-

arating water colder than co. 55°F ( 12.8° C

)

to the north from the warmer waters to the

south.

The greatest catch of Brama brama is
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Figure 5. Surface and 200 meter isotherms off northwestern Spain during March and April. Data from Fuglister (1954) and

Anonymous (1948].

than 55° F. ( The 55" F surface isothenns for

March and April are also shown in Figure

5. ) Thus, off the corner of Spain there is an

east-west temperature barrier, the top of

which fluctuates during the winter months

(January through Nhirch), but does not

allow these fish to round Cape Finesterre

until April. The bottom of the screen re-

mains stationary, off Vigo, restricting Brama
to a sliallow stratum and prexenting the

northward escape of the population until

the top of the barrier moves northward in

April.

An unexpected and unexplained phenom-

enon converts this screen into a most effi-

cient trap, which could prevent a temper-

ature-sensitive population heading north-

ward along the coast from changing to any
direction save to that from which it came.

This can be seen in the three one-degree

scjuares labeled A, B, and C in Figure 6.

The month of interest is again March, that

of lowest water temperature and greatest

Brama landings. Scjuare A and that below it

contain the fishery. The depth-temperature

profile in square A shows that the water
column above about 150 meters is nearly

uniform in temperature and above 55°F. In
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Figure 7. Seosonal northward progression of adult Bromo ;opon/ca and surface isotfierms in the northeastern Pacific.

O Negative gill-net stations. # Positive gill-net stations. Data from the exploratory fishing activities of the Canadian and

United States Governments. Modified from Neave and Hanavan (I960: 227), with surface isotherms added from the Scripps

Atlas (Anonymous, 1948).
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Figure 7 continued

restricting influence of the seasonally-fluc-

tuating 55 °F surface isotherm are compati-

ble with the concentration of these fish

along the Spanish coast in the area off Vigo.

DISTRIBUTION OF ADULT BRAMAJAPONICA

The distribution of the North Pacific

Brama japonica between California and the

Aleutian Islands has been reviewed by Hitz

and French (in press, B. branm of their

terminology). Young specimens have been

caught off northern Mexico (unpublished

records ) and a single catch was made by a

commercial tra\\'ler in the Bering Sea (this

specimen is now in the U.S. National Mu-
seum). Young specimens caught during

the cruises of the California Cooperative

Oceanic Fisheries Investigations suggest a

spawning area extending along the coast at

least from 25° to 33° N, although this and

other material from the North Pacific is still

under study. In contrast to the northern

distributional data for the Atlantic Brama

brama, which required a literature review

ad nauseam (Table 2), data on the seasonal

distribution and abundance of B. japonica

come as a convenient by-product of the

high seas gill-net salmon surveys of recent

years (Powell, Alverson, and Livingstone,

1952; Powell and Peterson, 1957; Hanavan
and Tanonaka, 1959). These are the data

on which the discussions of Neave and Han-

avan ( 1960 ) and Hitz and French ( in

press ) are chiefly based.

There are two ways in which the relation-

ship between this fish and temperature has

been studied. One is that used in the analy-

sis of our Atlantic Brama brama data —the

comparison of monthly fish distribution

and surface temperature structure. This is

the approach used by Neave and Hanavan

( 1960 ) , who report the minimum and maxi-

mum temperatures, 9.5°C (49.1°F) and

17°C (62.6°F), at which B. japonica has

been taken in the Gulf of Alaska, and (p.
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